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Rickettsiae and rickettsial diseases have been
known in Panama since the 1950s, when ﬁve
cases of Rocky Mountain spotted fever (RMSF)
were reported from the vicinity of Ollas Arriba,
Trans-Isthmus Highway and Panama City (re-
viewed in [1]). In the following 20 years, Rickettsia
rickettsii was isolated from two patients who died
of RMSF and pools of Amblyomma cajennense.
Serosurveillance conducted in nine provinces of
Panama during the 1980s established a relatively
high seroprevalence (5.4–15.2%) by complement
ﬁxation using R. rickettsii antigen [2], a prevalence
that greatly exceeds the low frequency of RMSF
cases recognised in Panama. Inoculation of sev-
eral pools of Amblyomma caused seroconversion
to spotted fever group (SFG) rickettsiae in guinea
pigs; however, R. rickettsii was not isolated from
infected guinea pigs, suggesting that other rick-
ettsial agents may be present in Panama. The
importance of the tick-borne rickettsial diseases in
Panama emerged recently after several fatal cases
were repeatedly reported in the rural area, west of
the Panama canal ([1]; J. Motta, 2007, personal
communication). The purpose of this work was to
assess the presence and prevalence of Rickettsia
and Anaplasmataceae in ticks from peridomestic
sites in Panama.
MATERIALS AND METHODS
Two hundred ticks of the genera Amblyomma (102), Dermacen-
tor (Anocentor) nitens (74), Rhipicephalus (Boophilus) microplus
(20) and Rhipicephalus sanguineus (4) were collected in 70%
ethanol from horses and dogs from ﬁve peridomestic sites and
from a tapir from a local Zoo in El Valle, Cocle Province
(N0836.490¢,W08007.144¢), and from a cow from Cerro
Chucantı´, Darie´n Province (N0847.353¢,W07827.112¢). DNA
was extracted from individual ticks and screening was
conducted as previously described [3]. SYBR-Green PCR
assays detecting a fragment of the OmpA gene and 16S rRNA
gene, respectively, were used for detection of DNA of the
spotted fever group rickettsiae (SFG) and Anaplasmataceae.
TaqMan targeting gltA was used for detection of DNA of
R. prowazekii. Positive samples were characterised further by
direct sequencing of the PCR products.
RESULTS AND DISCUSSION
A total of 61% of the ticks were positive for
spotted fever group rickettsiae (Table 1). DNA
sequencing and RFLP analysis of the ompA (547–
701 nt and ⁄ or 70–602 nt, respectively) detected
only R. amblyommii DNA in Boophilus, Amblyomma
and Anocentor collected from a cow, a tapir and
horses from two geographic locations. No DNA of
SFG rickettsiae was detected in the four brown
dog ticks. DNA of R. prowazekii was not detected
in the ticks using a TaqMan assay targeting gltA.
DNA of Anaplasmataceae was detected in 40%
of the ticks collected from a cow and with a
prevalence ranging from 0% to 100% in horses
(Table 1). DNA of Ehrlichia chaffeensis, E. ewingii,
Anaplasma phagocytophilum and A. marginale was
identiﬁed by sequencing (Fig. 1). Furthermore,
while DNA of several other ehrlichiae was
detected, deﬁnitive identiﬁcation could not be
completed at that time because they are similar to
the new taxa of Anaplasmataceae whose genetic
variability is not well deﬁned.
Five per cent of Boophilus was co-infected with
SFG rickettsiae and Anaplasmataceae. Co-infec-
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tion rates of Amblyomma and Anocentor collected
from horses varied from 5% to 100%. For the
entire study, the rate of co-infection with Rickettsia
and Anaplasmataceae (13%) was not different
from that expected by random chance based on
the overall prevalence of the individual agents in
these ticks.
Although Rocky Mountain spotted fever is
endemic in Panama, R. rickettsii was not detected
during this study. Exposure to R. amblyommiimay
be responsible for the high rates of SFG seropos-
itivity previously determined in Panama. R. am-
blyommii appears to cause a self-limiting mild
infection, like those with Amblyomma-transmitted
R. africae. R. parkeri may cause more severe
infections but are less likely to be fatal and we
neither know its full clinical picture nor whether
it is present in Panama. Amblyomma americanum is
a common human biting tick and the mean
prevalence of R. amblyommii is 42.4% (range of
0–84%) in the United States (reviewed in [4]). In
Brazil, R. amblyommii was found in 26.8% of
A. cajennense and in 14.3% of A. coelebs from
Rondonia [5]. Besides rickettsiae, A. americanum is
also a vector for E. chaffeensis and E. ewingii, with a
prevalence of 2–23% and 0.6–8.2%, respectively
[4]. Similarly, E. chaffeensis and E. ewingii were
detected in 6.7–54% and in 3.8–20.3% of white tail
deer, correspondingly. A survey of Amblyomma
ticks, their human biting proclivities, and the
characteristics of their associated rickettsial agents
is a truly emergent ﬁeld. Possible acquisition and
sharing of ehrlichial and rickettsial agents during
co-feeding may contribute to a further spread of
these organisms in different species of ticks
feeding on the same host. The unexpected high
prevalence of diverse Anaplasmataceae in ticks
from peridomestic environments and the detec-
tion of several species of Ehrlichia and Anaplasma
pathogenic for humans, domestic animals and
livestock suggest that the veterinary and public
health impact of these agents in Panama need
further evaluation.
Table 1. Detection and prevalence of spotted fever group rickettsiae and Anaplasmataceae in Panamanian ticks
Location Host Tick
Number of
ticks tested
Rickettsia
prevalence (%)
Rickettsia and Anaplasmataceae
co-infection prevalence (%)
Anaplasmataceae
prevalence (%)
Cerro Chucanti Cow Rhipicephalus (Boophilus) microplus 20 15 5 40
El Valle Horse 1 Amblyomma sp. 5 100 0 0
Dermacentor (Anocentor) nitens 1 0 0 0
Horse 2 Amblyomma sp. 32 97 31 31
Dermacentor (Anocentor) nitens 3 0 0 0
Horse 5 Amblyomma sp. 1 100 0 0
Dermacentor (Anocentor) nitens 8 63 0 0
Horse 6 Amblyomma sp. 4 100 100 100
Dermacentor (Anocentor) nitens 6 17 0 0
Horse GP1 Amblyomma sp. 16 94 13 13
Dermacentor (Anocentor) nitens 1 100 100 100
Horse GP2 Amblyomma sp. 42 98 5 21
Dermacentor (Anocentor) nitens 55 24 9 18
Dog Rhipicephalus sanguineus 4 0 0 0
Tapir Amblyomma sp. 2 100 0 0
Total 9 5 200 61 13 22
Fig. 1 Genetic relationships of Anaplasmataceae found in
Panamanian ticks. A neighbour-joining phylogenetic tree
was reconstructed based on 16S rRNA gene sequence
similarities and drawn using the MEGA4 software (http://
www.kumarlab.net/publications). Distance matrix was
calculated using Jukes-Cantor parameters and based on
92 sites. The scale bar represents a 2% divergence. NCBI
accession numbers of reference sequences are indicated
next to the species’ names. Tick vector and geographic
location are indicated in blue for sequences of organisms
identiﬁed in this study.
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